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ABSTRACT 


The  behavior  of  24-hr  height  tendencies  at  the  600-mb  level  is  studied 
he  fall  of  1951*  Several  possible  method*  for  determining  the  tendenoy 
pattern  for  the  next  day  are  tested  quantitatively.  The  normal  behavior  ^f 
the  centers  is  speoified  and  some  remarks  included  on  unusual  developments . 
Finally,  extrapolation  along  the  lcng-siave  pattern  is  suggested  as  an 
improved  teohnique  for  predicting  the  movement  of  the  individaul  height- 
nange  oenters. 


INTRODUCTION  Various  metreorologioal  authors  have  mentioned  the  use  of 
24~hr  heigiit-tendenoy  patterns  at  the  &00-mo  level  in  their  method  of  pre- 
paring surfaoe  and  upper-level  prognostic  charts.  Although  there  are  these 
evidenoes  of  widespread  use  of  these  patterns,  little  has  been  published 
in  English  concerning  their  behavior. 

The  forecasting  prooedure  outlined  by  Riehl  (l)  in  His  Forecasting 
in  Middle  Latitudes  is  based  on  the  hypothesis  that  the  flow  at  this  level 
in  the  mid-troposphere  can  be  treated  as  the  sum  of  two  wave  trains,  the 
long  and  short  waves.  These  short  waves  frequently  ooinoide  with  500 -mb, 

24-hr,  tendency  oenters;  the  isallobario  fall  oeater  with  the  short-wave 
trough  and  the  isallobario  rise  oeater  with  the  short-wave  ridge. 

A.  Nyberg  (2)  has  reported  suoooss  in  moving  the  tendenoy  oenters  with 
50  per  oent  of  the  500-mb  wind  in  the  oenter.  This  view  is  also  given  some 
support  by  Namias  (3)  in  his  study  of  the  seasonal  variation  of  the  »nal  wind. 

A similar  study  by  Mansueto  (4)  at  TOO  millibars  showed  a somewhat  lower  correlation. 

The  purpose  of  this  study  is  to  test  the  hypotheses  ahioh  have  bwen 
presented  and  to  attempt  to  formulate  a set  of  principles  to  be  followed  in 
determining  a pr ognostic-tendenoy  pattern  for  a 24-hr  period. 


METHOD  T ho  diurnal  variation  in  height  of  the  5C0-mb  surfaoe  is  not 

precisely  known.  Hubert  (6)  has  found  that  the  half  poriod  of  the  varia- 
tion of  height  of  *the  500-mb  level  over  Columbia,  Missouri  averages  1.7  days. 
From  these  considerations , it  is  indicated  ti*at  twenty-four  hoars  is  a good 
choice  of  tendenoy  interval,  since  it  eliminates  any  diurnal  effeot  and  is 
shorter  than  almost  all  half  periods  of  the  tendenoy. 

H'inispherio-tendenoy <harts  were  prepared  daily  during  the  fall  of  1^61, 
ng  * n*  granhioal  subtraction  method  on  carefully  analysed  oharts  drawn 
with  a 200-ft  contour  interval. 


The  individual  centers  were  tracked  from  day-to-day.  The  direction  and  speed 
of  movement  as  taken  from  the  straight  line  connecting  24-hr  positions, 
the  wind  in  the  center,  and  the  shape  and  intensity  of  each  center  was  tabulated  * 
A total  of  88  centers  were  considered.  52  for  the  period  7-18  October  and 
36  from  30  October  to  20  November * 

Tables  and  graphs  were  prepared  showing  the  movement  of  the  oenters,  the  relation 
between  average  wind  in  the  center  and  movement.  A veotor  average  of  the  wind 
in  the  center  at  the  beginning  and  end  of  the  24-hr  period  was  used  as  the 
average  wind  in  the  center.  This  assumption  is  convenient  and  somewhat  more 
representative  than  & simple  arithmetic  average  of  directions  and  speeds. 


STATISTICAL  RESULTS  A check  was  initially  made  to  determine  here*  valid  the 
assumption  that  centers  of  rise  and  fall  could  be  tracked  at  500  millibars# 
Although  few  oases  were  found  in  which  all  centers  were  conserved  from  one  day 
to  the  next,  a very  great  majority  were.  Howover,  changes  in  intensity  were 
the  rule.  Sixty  percent  of  35  centers  in  this  check  were  tracked  from  the 
ooint  of  their  appearance  until  they  entered  Asia.  In  some  cases  this  was 
ever  100°  of  longitude# 

The  first  approximation  tested  was  tMt  the  tendency  oentera  could  be 
moved  a fixed  distance.  If  the  expected  error  weie  sufficiently  small,  this 
might  represent  a useable  prognostic  technique.  In  the  period  7-18  October, 
the  movement  of  rise  and  fall  centers  was  tabulated  from  charts  in  the 
area  160°W  eastward  to  0°E.  The  distribution  of  24-hr  movement  is  as  follows s 

TABLE  I 

Movement  in  nautical  miles  250  350  450  550  650  760  850  960 

Percent  in  this  class  7 13  15  23  19  13  7 4 

The  average  movement  is  560  nautical  miles.  The  probable  error  in  using  this 
as  an  estimate,  would  be  nearly  ± 20C  nautical  miles. 

From  this  data,  it  is  obvious  that  all  tendency  centers  cannot  bo  moved 
with  a constant  displacement.  The  method  would  occasionally  result  in  a 
satisfactory  prognosis,  but  certainly  net  very  often. 

Next,  an  extensive  check  was  made  of  the  hypothesis  that  the  tendency 
cent  T8  rnovo  with  some  fraction  of  the  wind  in  the  center.  The  hypothesis 
of  Ny  erg  (supported  by  ^amias),  of  the  tendency  centers  moving  with  a fixed 
percentage  of  the  wind  in  the  center,  is  untenable.  The  average  wind  speed 
in  the  isallobario  centers  increased  from  36  knots  for  the  period  30  October- 
20  November,  whil*^  the  average  displacement;  of  the  centers  was  23  knots  for 
the  first  period  and  only  21.5  knots  for  tne  second. 

Indeed,  the  distribution  oi*  vnnd  speed  vs.  displacement  is  nearly  random. 
The  direction  of  movement  came  out  somewhat  better,  with  a probable  error  of 
t £0°  from  the  direction  of  the  mean  wind  in  the  center.  Combined,  the 
expected  veotor  error  would  be  about  2GC  nautical  miles.  This  is  approximately 
the  same  as  the  error  if  all  centers  were  moved  660  miles#  From  these 
considerations , it  is  obvious  that  the  normal  behavior  of  600-mb,  height- 
change  centers  is  poorly  correlated  with  the  jsonal  wind  or  the  600-ab  wind  in 
the  center.  If  this  behavior  ia  to  be  predicted,  other  considerations  must  bo 
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used*  Unfortunately , tho  late  time  at  which  this  tonolusion  was  reaohed  and 
*he  small  reliable  sample  of  data  available,  preoluded  uhe  quantitative  test- 
ing of  some  of  the  observations  that  follow  here#  However,  they  are  aet 
d?wr*  as  ar  indication  v f linfjs  of  future  investigation  ana ’~ith  the  belief 
that  the&e  tendency  oentera  will  eventually  be  calculated  or  otherwise 
predicted  in  c no-jrly  a correct  faahirm  as  tc  produce  a 500-mb,  24-hr, 
prognostic  ohart  which  ran  be  used  with  confidence  in  the  preparation  of  a 
surfaee  forecast. 


NORMAL  BEHAVIOR  OF  600-MILLIBAR  H 2*-H0UR  PATTERNS 


The  height  of  any  iaobario  surfaoa  in  the  atmosphere  is  a funoticn  of 
events  that  may  taka  place  well  above  and  below  that  surface#  Thus,  there  is 
no  physical  reason  evident  why  the  winds  on  the  500-mb  surfaoe  should  correlate 
well  with  the  movement  of  the  height  ohange  centers  on  this  surfaoe#  Of 
course,  if  suoh  a good  correlation  were  discovered,  it  snouid  be  used, 
regardless  of  the  theoretical  connotations# 

Tne  intensity  of  the  chan^j  oenters  is  greatest  in  winter  and  least 
in  summer#  The  normal  shape  dc*s  not  ohange#  Centers  are  generally  elongated 
meridionally  with  the  N - S axis  normally  2-4  tines  the  B - W axis#  Any 
elongation  E - W is  abnormal.  The  center  ~ntenaity  varies  direotly  in 
proportion  to  the  geographical  site  in  general  and  the  gradient  is  normally 
constant  on  all  sides  and  from  the  400-ft  isallobar  to  the  tendency  oenter# 

The  future  movement  of  centers  may  best  be  estimated  by  extrapolation 
of  movements,  keeping  ^n  mind  the  fact  that  the  paths  of  the  oenters  tend 
to  trace  out  the  long-wave  pattern.  In  the  November  eample  of  data,  the 
comparison  of  direction  of  actual  movement  against  the  direotian  of  the 
mean  wind  in  the  center  shows  eighteen  oases  of  loft  defleotioni  while 
only  six  cases  sno-  rieht  deflection#  Most  of  these  movements  were 
tabulated  over  Eastorn  United  States  with  a mean  position  of  the  long-wrave 
trough  in  Western  United  States#  Tho  Ootober  sample  6hovs  random  direoticnal 
variation#  This  sample  was  for  oenters  looated  from  160°W  and  0°  without 
any  particular  location  in  tl  long-wave  pattern# 

24— hr  tendenoy  oenters  generally  mark  positions  of  short-wave  troughs 
and  ridges#  So  me  patterns  oooasionally  show  marked  deviation  from  this  rule, 
sspeoially  when  long  waves  are  markedly  progressive#  In  this  case,  as  was 
observed  October  10-11,  the  tendenoy  oe  iters  aro  near  the  infleotica  point  of 
the  composite  wave  pattern# 

The  short-wave  number  averaged  6 for  the  hemisphere  during  the  period  7 
Ootober  to  10  December  1961#  The  smallest  short-wave  number  was  6 and  the  longest 
10  l/2*  This  count  was  for  the  na^or  short-wrave  train# 

In  stage  N2  of  the  index  oyole,  the  short-wave  number  tends  to  be  high# 

The  centers  are  large  geog»  **phioally  and  intense#  Their  shape  shows  marked 
N-8  elongation  and  their  movement  is  slower  than  normal  . Only  one  train  of 
tendency  oenters  is  ^^sent# 

Extrapolation  along  tve  long-wave  pattern  offers  the  best  method  of 
moving-tendenoy  centers • Change  in  intensity  is  another  problem#  The 
intensif ioation  of  short-r^ve  troughs  approaching  long-wave  troughs  is 
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observeble#  However # this  intensif ioation  need  not  neoessarily  be  aooomplisuad 
by  a numoricftl  ‘^crease  in  the  500-aib  tendenoy  fall*  An  intenslfloat icn  of  tha 
bounding  ridgea  oaa.  aooompliah  the  same  result#  This  extrapolation  ia  therefor© 
somewhat  i^»aequat©  in  direoticn  and  a peed,  and  markedly  ao  In  ohang©  of  intensity# 
Certain  departures  from  normal  extrapolative  behavior  are  inoluded  below#  8ome 
of  these  observations  a cr*  drawn  from  a rather  small  sample  of  data# 


ABNORMAL  BEHAVIOR  OF  TENDENCY  CENTERS  In  16  lnstanoea#  a tendenoy  oenter  was 
observed  to  be  oriented  "East  - West#  In  nine  of  these  oases#  tha  oenter  did  not 
follow  the  extrapolated  motion  for  the  next  24  hours#  Splitting  of  the  oenter# 
alow  movment  of  the  westward  portion#  and  movement  at  right  angles  to  the  wind 
flowisere  observed# 

When  the  upper-fall  oenter  is  assooiated  with  a deapanlng  - aurfaoe  lew#  it 
will  deviate  from  its  previous  path  toward  the  low  and  will  inorease  in  intensity# 

When  energy  Impulses  are  present  whioh  move  with  the  group  velooity# 
sudden  inoreaaes  in  intensity  of  centers  are  oommon#  Sever*!  suoh  impulses 
were  traoked  for  a large  part  of  the  hemisphere# 

When  instability  is  present  in  a ridge  due  to  a ourvatur©  in  exoaas  of  the 
maximum,  a r.ew  rise  center  should  appear  to  the  left  of  the  ourrent  downstream 
and  a new  fall  center  to  the  right  of  the  current  still  further  downstream#  This 
effeot  was  noted  in  two  cases#  although  in  tha  second  case#  tha  new  fall  oenter 
wa a indistinot  being  in  the  area  of  another  fall# 

When  the  number  of  tendenoy  oenters  increases#  they  tend  to  slow  down  and 
vioa  versa#  This  was  observed  from  a limited  sample  alto# 


CONCLUSION 

It  is  believed  that  500-ob  height  tendencies  are  a valuable  tool  in  weather 
prognostication#  beoause  they  repreaont  the  effaot  on  the  pressure  field  of 
the  events  oocuxring  in  the  upper  troposphere#  fcxtra-polat ion  of  the  oenters 
using  the  prinoiples  set  down  here  will  result  in  a pattern  from  whioh  the 
aequeno©  of  subsequent  surfkoe  events  olh  be  dedaoed#  This  500-«b  prognosis  will 
be  imperfeot  however#  for  although  the  path  of  these  oenters  oan  be  extrapolated 
fairly  well  using  qualitatively  the  other  considerations#  tho  ohangea  in  intensity 
remain  a complex  problem#  With  possible  effects  moving  downstream  with  the 
group  velocity  and  upstrean  nearly  instantaneously#  it  is  obvious  that  a 
oomplete  solution  to  this  orobl«ao«i  never  oome  from  a statistical  approach  to 
the  oenters  at  the  50C~mb  larval# 
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